Summary
Introduction
Dahl salt-sensitive (S) rats become severely hypertensive when fed on a high NaCl diet but remain normotensive on a low NaCl diet. On the other hand, Dahl salt-resistant (R) rats remain normotensive when fed on the same high NaCl diet (Dahl, Heine & Tassinari, 1962) . Current studies in our laboratory suggest that hypertension in S rats is related to a reduced natriuretic capacity of the kidneys, producing a tendency toward sodium retention (Tobian, Lange, Azar, Iwai, Koop & Coffee, 1977) .
We also investigated a possible role of the central nervous system in NaCl hypertension. We report the results of our studies of the sensitivity to two different central nervous system pressor stimuli in both S and R strains of Dahl rats.
Methods
In the first experiment, 15 Dahl S and 15 R rats were fed a low (0.3%) NaCl diet. At 8 weeks of age, a brain cannula was implanted into the left lateral cerebral ventricle under pentobarbital anaesthesia. Seven days later, the rats were lightly anaesthetized with pentobarbital (30 mg/kg).
Intraventricular injections were done through the brain cannula in the following order: first, 2 pl of isotonic saline (NaC1 solution, 154 mmol/l); secondly, 2 pl of NaCl solution (600 mosmol/l); finally, 500 ng of angiotensin I1 in 2 pl of isotonic saline; at least 30 min separated each injection. The same studies were repeated 8 weeks after high (8%) NaCl feeding in certain rats. The doses of hypertonic saline and angiotensin were deliberately kept low to ensure relatively small rises in blood pressure.
Results
On a low sodium diet, S rats showed a very slightly higher systolic blood pressure than R rats (Table  1) . However, blood pressure in both groups remained in the normotensive range. Eight weeks after 8% NaCl feeding, all S rats became hypertensive, with blood pressures over 180 mmHg, and all R rats remained normotensive.
When 2 pl of isotonic saline was introduced into the lateral ventricle this induced no change in blood pressure in any rat. When 2 p1 of hypertonic saline was injected into the lateral ventricle, the S rats invariably had a prompt, sizeable pressure response lasting 5-15 min, whereas the R rats usually had a relatively small pressor response. Similarly, angiotensin I1 introduced into the lateral ventricle typically caused a brisk pressor response of 1&20 min duration in an S rat, but it brought about a smaller pressor response when given to an R rat. The average rise in blood pressure after intraventricular injection of hypertonic saline was 6.5 mmHg in S rats, compared with 2.9 mmHg in R rats (Table 1 ). The S rats showed a 2.25-fold rise in blood pressure after the hypertonic saline ( P < 0.001). Table 1 shows the mean pressor responses after the intraventricular injection of angiotensin 11. Again, we see a significantly greater pressor response in S rats. The average rise in blood pressure was 13.7 mmHg in S rats, compared with 7.1 mmHg in R rats. The pressor response in S rats was twice that in R rats (P < 0.001).
After 8 weeks of feeding a high NaCl diet to S rats, the pressor response to hypertonic saline increased significantly. The mean pressor response in S rats was 6.5 mmHg on a low Na diet, compared with 9.0 mmHg on the high Na diet.
Thus the pressor response was significantly enhanced 38% on the high Na intake (P < 0.05). The same high Na diet produced no significant increase in the pressor response of R rats.
In S rats the pressor response to central angiotensin I1 was also accentuated by NaCl feeding. The average rise in blood pressure was 21.7 mmHg on the high Na diet, compared with 13.7 mmHg on the low Na diet. This 50% increase of pressor response was significant (P < 0.025). In contrast, the pressor response to angiotensin I1 was not changed significantly by NaCl feeding in R rats. However, the baseline blood pressure is higher in S rats after NaCl feeding, and the percentage increase in blood pressure after either angiotensin or hypertonic saline was virtually the same for S rats on either high or low NaCl diets.
In another experiment, half of the Dahl rats were pretreated with a thiazide diuretic, supplied in the drinking water for 10 weeks, while all the Dahl rats were eating a low NaCl diet. Then all Dahl rats were abruptly switched to a high (8%) NaCl diet for 8 weeks, as treatment with the thiazide diuretic continued. The S rats not taking thiazide showed a marked rise in blood pressure, to 2 10 mmHg, while eating the high NaCl diet. However, the S rats receiving thiazide had virtually no rise in pressure Central nervous system pressor responses 227s on this same high NaCl diet. The increase averaged only 5 mmHg over the values for R rats.
Central pressor responses were tested in these rats on a high NaCl diet with and without thiazide (Table 1) . With hypertonic saline as the central nervous system stimulus, the pressor responses averaged 3.3 mmHg in the R rats in both thiazidetreated and control groups. In the S rats whose hypertension was prevented by giving thiazide, the response to hypertonic saline averaged 5.6 mmHg, which is 73% higher than that of the R rats (P < 0.02). Moreover, the S rats not taking thiazide had a marked hypertension and also had a markedly accentuated pressor response, averaging 12.5 mmHg. The intraventricular hypertonic saline increased blood pressure 4.9% in S rats on thiazide and 9.4% in S rats not on thiazide (P < 0.025).
When angiotensin was the central nervous system pressor stimulus, the pressor response in S rats on thiazide averaged 10.8 mmHg, compared with 6.8 mmHg in R rats on thiazide. This was a 59% greater response (P < 0.005), even though the S rats on thiazide had a blood pressure only 5 mmHg higher than the R rats on thiazide. In the hypertensive S rats not on thiazide, the pressor response averaged 19.9 mmHg, which is almost double that of the S rats that were kept normotensive by the thiazide. The intraventricular angiotensin I1 increased blood pressure 9.3% in S rats on thiazide and 15.2% in S rats not on thiazide (P < 0.005).
Discussion
Vascular resistance increases after NaCl feeding in S rats, and cutting peripheral sympathetic nerves abolishes 55% of this increase (Takeshita & Mark, 1978) . In addition, a high Na intake also potentiates the pressor response to sympathetic nerve stimulation in S rats. Moreover, destruction of peripheral sympathetic nerves with 6-hydroxydopamine prevents the onset of NaCl hypertension in the S rats. The vascular resistance is increased in S rats on a high Na intake, despite the fact that the arterioles in kidneys and hindquarters of S rats have no increased sensitivity to intraarterial noradrenaline. Seemingly, neurogenic mechanisms contribute significantly to hypertension in S rats. The increased sensitivity in S rats or decreased sensitivity in R rats to central nervous system pressor stimuli shown in the current study may reveal still another facet to the participation of the central nervous system in NaCl hypertension.
